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Abstract 

We have measured the quantum critical behavior of the plateau-insulator (PI) transition in a low- mobility InGaAs/GaAs 
quantum well. The longitudinal resistivity measured for two different values of the electron density follows an exponential 
law, from which we extract critical exponents k = 0.54 and 0.58, in good agreement with the value (k = 0.57) previously 
obtained for an InGaAs/InP heterostructure. This provides evidence for a non-Fermi liquid critical exponent. By reversing 
the direction of the magnetic field we find that the averaged Hall resistance remains quantized at the plateau value h/e^ 
through the PI transition. From the deviations of the Hall resistance from the quantized value, we obtain the corrections to 
scaling. 
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Despite its relatively long history of study, the exact 
nature of the transitions between adjacent quantum 
Hall states is still a subject of debate. In the frame- 
work of the scaling theory of the quantum Hall ef- 
fect, the plateau transitions are interpreted as quantum 
phase transitions with an associated universal critical 
exponent k = p/2x [1]. Here p is the exponent of the 
phase breaking length at finite temperature T (i.e. 
l^p ~ ) and x the critical exponent for the zero 

T localization length ^. Pioneering magnetotransport 
experiments by Wei et al. [2] on the plateau-plateau 
(PP) transitions of a low mobility InGaAs/InP het- 
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erojunction resulted in a value of k = 0.42. From sub- 
sequent current scaling transport measurements [3] a 
value p — 2 was extracted. Hence, an experimental es- 
timate for the localization length exponent is x ~ 2.4, 
which is close to the free electron value 7/3 obtained 
from numerical simulations [4]. This Fermi liquid re- 
sult has been quite puzzling, as a microscopic theory of 
the quantum Hall effect should have important ingre- 
dients such as localization effects and Coulomb inter- 
actions. It turns out however that the PP transitions 
suffer from systematic errors that are inherently due 
to macroscopic sample inhomogeneities [5,6]. More re- 
cently, we have conducted magnetotransport experi- 
ments [6,7,8] on the plateau-insulator (PI) transition of 
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Fig. 1. The Hall (a) and longitudinal (b) resistivities of 
Ino.2Gao.8As/GaAs quantum well as a function of magnetic 
field at selected temperatures. 

an InGaAs/InP heterostructure. By employing a new 
methodology, which recognizes the fundamental sym- 
metries of the quantum transport problem, the mag- 
netotransport data at the PI transition can be used to 
separate the universal critical behavior from the sample 
dependent aspects [6] . This resulted in a value of the ex- 
ponent k = 0.57. Since p is bounded by 1 < p < 2 [9], 
this value of k implies that the correlation length expo- 
nent is bounded by 0.9 < x < 1-8, which is in conflict 
with Fermi liquid ideas. 

This important new result asks for experimental ver- 
ification by investigating different low-mobility semi- 
conductor structures. The use of low-mobility struc- 
tures is dictated by the scattering mechanism, which 
should predominantly be short-range random potential 
scattering, which results in a wide temperature regime 
for scaling. Here we report magnetotransport experi- 
ments at the PI transition of an Ino.2Gao.8As/GaAs 
quantum well for two different values of the electron 
density n. 

The Ino.2Gao.8As/GaAs quantum well (QW) was 



grown by the MBE technique. The two-dimensional 

electron gas is located in a 12 nm thick Ino.2Gao.8As 
layer, sandwiched between GaAs. Carriers are provided 
by Si (5-doping, separated from the quantum well by a 
spacer layer of 20 nm. Hall bars were made with Au- 
Ni-Ge contacts. The width of Hall bar equals 75 nm, 
and the distance between the voltage contacts along 
the Hall bar is 390 fim. The sample is insulating in the 
dark state. An infra-red LED was used to create carri- 
ers. 

Magnetotransport data xip to 9 T were taken in a 
vacuum loading Oxford dilution refrigerator. High- 
magnetic field data up to 20 T were taken at the 
Grenoble High Magnetic Field Laboratory using an 
Oxford top-loading plastic dilution refrigerator. The 
longitudinal R^x and Hall R^y resistances were mea- 
sured using standard lock-in techniques at a frequency 
of 2.1 Hz. Since the longitudinal resistance exponen- 
tially increases at the PI transition, the phase change 
of the signal was carefully monitored. For the data 
presented here the out-of-phase signal is always less 
than 10%. 

In order to characterize our Ino.2Gao.8As/GaAs QW 
we have first measured the low-temperature magneto- 
transport properties in fields up to 9 T (see Fig.l). The 
sample was illuminated such that the electron density, 
as determined from the initial slope of the Hall resis- 
tance at T = 4.5 K, amounts to n = 1.9 x 10^^ cm~^. 
The transport mobility fi = 16000 cm^/Vs. The spin 
resolved v = 2 —^ 1 PP transition takes place around 
5.4 T and is well defined below ~1.5 K. The presence 
of weak macroscopic sample inhomogeneities is illus- 
trated by a small (1%) carrier density gradient along 
the Hall bar (i.e. between the two pairs of Hall con- 
tacts) [5]. The Rxy{B) and Rxx{B) curves of the v = 
2 — » 1 PP transition, measured at low T, do not show 
a proper crossing point, while the peak height Rxx{B) 
remains temperature dependent. The analysis of the 
PP transition requires higher-order correction terms in 
the transport problem, and will be reported elsewhere. 

Low-temperature high-field magnetotransport data 
near the PI transition were taken for two different car- 
rier densities, n = 1.5x10" cm"^ and 2. Ox 10^^^ cm~^. 
For these densities the PI transition takes place at Be 
= 10.7 and 15.7 T, respectively. Typical results are 
shown in Fig. 2, where we have plotted pxx in units 
h/e"^ on a logarithmic scale versus the filling factor v. 
The data, taken in the temperature range 0.08-1.07 K, 
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Fig. 2. The longitudinal resistivity p^x as a function of fill- 
ing factor V at temperatures 1.07, 0.80, 0.60, 0.45, 0.34, 

0. 26, 0.19, 0.142, 0.107 and 0.080 K for the InGaAs/GaAs 
QW. The crossing point indicates the PI transition. Near 
the critical point the resistivity pxx obeys Eq.(l). The car- 
rier density n = 2.0 x lO'^^ cm~^. Inset: temperature de- 
pendence of the fitting parameter 1/vq (open symbols) for 
two different values of carrier densities as indicated. Solid 
lines represent lineaj: fits. 

show a sharp crossing point at the critical fiUing factor 
Vc — 0.58 and 0.53 for lower and higher densities, re- 
spectively. At the critical point Pxx,c = h/e^ (to within 
1 %), as it should. In the vicinity of Be, the longitudi- 
nal resistance pxx follows the empirical law 

ln(pa,x/po) = -Aiy/uo{T) (1) 

where po = Pxx,c and Av = v — v^- The slope I/i/q of 
the curves in Fig. 2 has been determined by a fitting 
procedure and obeys power law behavior {v^^ oc T") 
over more than one decade in T . From the log- log plot of 
v'^^ vs T we extract a critical exponent k = 0.54±0.02 
and 0.58 ± 0.02, respectively. 

In order to corroborate this result further, we present 
in this paragraph an alternative way of investigating 
scaling at the PI transition. Notice that we have chosen 
the temperatures Ti of the field sweeps such that these 
are equally spaced on a logarithmic temperature scale, 

1. e. InT, = In To — ai, where To and a are constants 
and i is an integer which labels the different curves. 
In the case of scaling Ini'o(T) = KlnT . Hence, the 
parameter vo changes with index i as 




Av 

Fig. 3. The pxx data for the InGaAs/GaAs QW {Be = 
15.7 T) from Fig. 2, plotted versus Ai/ in the insulating 
(a) and quantum Hall phase (b). The axis are rcscaled to 
illustrate the validity of Eq. 3. Equally spaced parallel lines 
signify scaling. 

In z/o(Ti) = —ani + const. (2) 

Taking the logarithm of Eq.(l) and taking into account 
Eq.(2), we obtain 

In I lnpa;a;| = In I — Ai^| -I- ani — const, (3) 

where Pxx is expressed in units of h/e^. The abso- 
lute value here is used to take into account both pos- 
itive and negative values of Ai' and \npxx, depending 
whether B < Be or B > Be- Under the condition of 
scaling, a plot of ln|lnpa;i:| vs In | — Ai^l transforms 
the experimental data into two sets of parallel lines, 
equally spaced by the amount an along the abscissa. 
This is illustrated in Fig. 3 for the data set shown in 
Fig. 2 {Be — 15.7 T). The derived values of k are iden- 
tical to the values quoted above. The advantage of this 
method, which relies on the presence of a sharp well- 
defined crossing point, over the "traditional" method 
is that no fitting procedure is needed to visualize scal- 
ing behavior. Hence, errors in the determination of the 
critical exponent due to arbitrary fitting constraints 
are minimized. Besides, scaling behavior can be veri- 
fied away from the critical field Be. Furthermore, this 
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Fig. 4. The field dependence of the Hall resistivity ph{B) 
near the critical field Be at three different temperatures as 
indicated, fnset: the deviation of from the quantized 
value h/e'^ at critical field Be versus T. 

method allows for a direct check of particle-hole sym- 
metry, pxxi^v) = l/pi,a;(— A;/). In this case, the curves 
for B > Be (Fig. 3a) and B < B^ (Fig. 3b) should be 
identical as can be verified by plotting the data from 
both panels in the same graph. 

By reversing the magnetic field polarity, the pxx data 
for the PI transition remain identical. This is an im- 
portant experimental result, as it indicates that the 
admixture of pxy into p^x is negligible, which simplifies 
the analysis [6]. Thus a proper critical exponent can 
be derived directly from the symmetric (with respect 
to the magnetic field) pxx data. Notice that this is not 
the case for the PP transition, where the pxx data for 
fields up and down are slightly different. 

On the other hand, the Hall resistance data are 
strongly affected by reversal of the magnetic field po- 
larity. After averaging over both field polarities we find 
that the antisymmetric part of the Hall resistance, pn, 
remains quantized at the value h/e^ in the insulating 
state for T < 0.2 K. With increasing temperature, 
however, ph{B) starts to deviate from the quantized 
value. In Fig. 4 we show the averaged Hall resistance 
for a density 2.0 x lO" cm'^ [B^ = 15.7 T) in the field 
range 13-18 T at three different temperatures. At Be, 
the deviation from exact quantization can be written 
as pH = 1 + v(T), where ri(T) = (T/Ti)^" contains 
the corrections to scaling. In the inset of Fig. 4 we 
have plotted ri{T) (dashed line) from which we extract 
parameters t/o- = 2.6 and Ti = 4.5 K, which are sim- 



ilar to the values reported earlier for an InGaAs/InP 
heterostructure [6]. 

In summary, we have studied the quantum critical 
behavior of the PI transition in a low-mobility In- 
GaAs/GaAs quantum well for two different values of 
the electron density. From the pxx data we extract 
critical exponents k = 0.54 and 0.58, in good agree- 
ment with the value {n — 0.57) previously obtained for 
an InGaAs/InP heterostructure. This provides further 
evidence for a non- Fermi liquid quantum critical point. 
By reversing the direction of the magnetic field, we find 
that the averaged Hall resistance remains quantized 
at the plateau value h/e^ through the PI transition. 
From the deviations of the Hall resistance from the 
quantized value, we obtain the corrections to scaling. 
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